Klebsiella strains are divided into six categories on the following reactions: fimbriation, production of gas from glucose a t 37", acid from lactose and dulcitol, methyl red test, acetoin production, citrate, urease, gluconate, malonate, lysine decarboxylase, growth in the presence of KCN and ability to produce gas from lactose a t 44". Five of the six categories are assigned specific rank, the sixth subspecific rank. The tests enable Friedlander's pneumobacillus to be distinguished from Aerobacter aerogenes. A new species, Klebsiella edwardsii, and a new subspecies, K . edwardsii var. atlantae, are named. Neotype strains of old species are proposed, holotypes of the new species and variety designated, and the catalogue numbers in the National Collection of Type Cultures and American Type Culture Collection given.
INTRODUCTION
Although the Klebsiella group is easily subdivided into serotypes by differences in the capsular antigens, a subdivision by biochemical tests into species is more difficult. The group comprises organisms that are non-motile, capsulate Gramnegative rods, and they have been named Klebsiella pneumoniae, K. friedlaenderi, K . rhinoscleromatis, K . oxaenae and Bacterium lactis aerogenes (synonym Aerobacter aerogenes Beijerinck). Two species, K . rhinoscleromatis and K . oxaenae, have characters that are reasonably distinctive, and the real problem is to decide whether it is possible to distinguish between B. lactis aerogenes and K . pneummiae (R.frkdlamderi). This problem arises from the inadequacy of the early descriptions of these species for, as Edwards (1929) pointed out, Friedlander did not indicate whether his pneumobacillus fermented lactose or acted on milk. Frankland, Stanley & Frew (1891) found that their strain (which they called Friedlander's pneumococcus) fermented glucose, sucrose, lactose, maltose, raffinose, dextrin and mannitol producing ethanol and acetic acid, but it did not ferment glycerol or dulcitol. Grimbert's (1895) strains fermented glycerol and dulcitol and produced lactic acid, and combining the findings of these workers Grimbert & Legros (1900) recognized two races distinguished by end-products of fermentation. However, they thought that separation into two species, Bacterium lactis aerogenes and Friedlander's bacillus, was unjustified, a conclusion supported by Edwards (1929).
* Present address : Lister Institute of Preventive Medicine, Elstree, Hertfordshire. Duguid (1959) reopened discussion of the problem when he suggested that saprophytic Klebsiella aerogmes were fimbriate while pathogenic K . plzeumoniae, K . rhinoscleromatis and K . oxaenae were non-fimbriate. This new approach seemed so hopeful that the morphological and certain biochemical reactions of 176 strains were investigated; the results are presented in this paper.
METHODS

Strains.
In all, 182 strains were studied; 176 were regarded as klebsiellas as they had the following characters, Generally capsulate, Gram-negative , non-motile rods. Colonies moist and generally mucoid, not pigmented. Gelatin not liquefied. Catalase-positive ; oxidase-negative. Glucose and many other sugars fermented, usually with the production of both acid and gas. Most strains fermented adonitol and inositol, and most were known to have capsular antigens of the Klebsiella group (Report, 1958 (Duguid, 1959) . These examinations were made on serial aerobic cultures grown in nutrient broth for 48 hr. a t 37" and in a repeat series of cultures at 30". Capsules: demonstrated in wet India ink films of the bacilli grown in broth and on an excess-sugar agar medium at 37" (Duguid, 1951 Serological type was that indicated by the donor, but, in addition, Dr P. R. Edwards kindly typed several previously untyped strains.
RESULTS
In addition to the group characters described under Methods the following were common to the 176 klebsiella strains: glucose was fermented (Hugh & Leifson, 1953) and acid was produced from xylose, arabinose, rhamnose, maltose, trehalose, mannitol, sorbitol, and salicin. H,S was produced from a cysteine-containing medium. None digested inspissated serum. Arginine and ornithine decarboxylase activity was not found. Characters common to all strains are of no value in subdividing the group, and were not considered in sorting the results of tests.
All strains except ten were found by the India ink method to be capsulate. The division between the capsulate and the non-capsulate strains was not clear-cut. Thus, certain strains produced visible capsules on only a proportion of rods; a few were capsulate only on excess-sugar medium or produced very soft, indefinite capsules, doubtfully distinguishable from loose slime.
In sorting the characters of the 176 strains three distinct patterns were a t once discernible; these corresponded to Bacterium lactis mogenes (referred to as A), Klebsiella rhinosleromatis (R), and K . oxaenae (0).
No. of strains Fimbriae
Gas from glucose Strains which did not fit into these three categories were subdivided into a further three categories (Pa, Pb and Pc) on fimbriation, their ability to produce gas from glucose a t 37O, on the speed of lactose fermentation, fermentation of dulcitol, methyl red test, acetoin production (VP), production of alkali in a malonate medium and growth in the presence of KCN. The use of a prototype Determinator (Cowan & Steel, 1960) was of help in sorting these strains into the different categories, and when this was done the 176 strains gave the reactions shown in Table 1 put into the nearest and the number of discrepancies recorded. When a character was described as d it could not contribute to the discrepancies shown by a strain. From this sorting the results shown in Table 2 were obtained. Eight indole-producing strains had all other characters typical of category A, and they were included in the 129 strains. From Table 2 it will be seen that the most of our 176 klebsiella strains fitted into the categories without showing more than one discrepancy; four had two, and two had three discrepancies. Table 3 shows the reaction of the six closely related enterobacteria in the same distinguishing tests, and it also shows the reactions (arginine and ornithine decarboxylases, motility and gelatin liquefaction) which exclude them from the Klebsiella group. NCTC 10006, the type strain of Enterobacter aerogenes Hormaeche & Edwards, has the same characters as NCTC 9735, but the latter is of additional interest in possessing the capsular antigen of Klebsiella serotype 47. Both these strains differ from our A category in only three characters, and show a closer relation than the other four strains to the Klebsiella group. Correlation of the sources of the strains with the six categories was made when this was possible, but the sources of some strains remained unknown even after Dr P. R. Edwards had searched his records for us. One of our main interests in this investigation was to try to pick out Friedlander's bacillus from the nonrespiratory organisms that were culturally similar ; we described sources, therefore, under these three simple headings : respiratory, non-respiratory and unknown. Table 4 shows the relations between source and our categories.
Duguid (1959) suggested a correlation between fimbriation and serotype and, since the serotype of most of the strains was known, it was possible to see that there was a correlation between our categories and these features ( Table 5 ) .
DISCUSSION
Most workers have maintained that it was not possible to distinguish between the saprophytic Bacterium lactis aerogenes Escherich (syn. Aerobacter aerogenes Beijerinck) and Friedlander's pneumobacillus, but Duguid's (1959) suggestion that this might be possible made us review the characters of these organisms in the light of recent advances in bacterial characterization. Thus by studying the morphological features revealed by electron microscopy and combining this with the results of certain biochemical tests we have been able to divide our klebsiella strains into six categories. Differences between the categories depend on combinations of different characters, not all of which will vary in the same way in the same strain.
Thus, A and Pb have only three completely different characters (KCN, methyl red and VP) but the d character dulcitol in A is a + character in Pb; similarly gluconate is + in A and d in Pb and it is unlikely that a strain would show the less typical reaction in both characters.
Pa and Pc have only one absolute distinguishing character (the ability to produce gas from glucose at 37') but d occurs in five positions in the Table 6 distinguishing characters. In practice it is not difficult to distinguish between these categories, and the five strains in Pc do not fit Pa a t all well. Pc has several features in common with 0 but, again, in practice there is no difficulty in distinguishing the categories.
A point we have not stressed, because the information is not usually available, is that the different categories are mainly made up of different serotypes; thus while A has representatives of all known serotypes except type 3, our Pb strains are exclusively of serotype 3 with one non-capsulate (and therefore untypable) strain, our Pa strains all of types 1 or 2, and our Pc strains all of type 1. It is of course possible that had more strains of the higher serotypes been examined some might have been found to belong to biochemical categories other than A.
Strains of category 0 show more individual differences than those of the other categories, and four strains of serotype 4 failed to reduce nitrate. Our results, taken in conjunction with those obtained by Dubay (1959), who examined 150 strains of Klebsiella ozaenae of serotype 4 , suggest that this category might be divisible into two subcategories. Serotype 4 strains are usually urease-negative, whilst 0 strains of serotypes 5 and 6 are often positive in this character.
This classification of the Klebsiella group is applicable whatever taxonomic rank the group may be assigned. In schemes where the group is given generic rank our categories will be species; if the group is regarded as a species, our categories will be subspecies. In the discussion of nomenclature which follows, and in the selection and designation of nomenclatural types, the Klebsiella group is regarded as a genus.
In collecting strains we excluded from our Klebsiella group all motile strains; these are better regarded as belonging to Enterobacter (Hormaeche & Edwards, 1960) , Serratia or Hafnia. Neither did we include any gelatin-liquefying strains. We agree with Lautrop (1956) that the so-called Klebsiella oxytocum would be better removed from the Klebsiella group.
NCTC 204 is reputed to be one of Friedlander's strains; it is now non-capsulate and thus is not fully representative of the species Klebsiella pneumoniae. It belongs to category Pb, which can therefore be considered to represent that species. Whilst NCTC 204 cannot be typed on the basis of its capsular antigen, Kauffmann (1949) found it to belong to 0 group 1; NCTC 5056 (also in our category Pb) belonged to this 0 group but other strains of capsule type 3 (in our category R) belonged to 0 group 2A. The designation of category Pb as K . pwumoniae is in line with the thinking of Henriksen ( 1952) (NCTC 5046, ATCC 13, 884) as the neotype culture.
We are left with the two categories Pa and Pc; these have many characters in common and we regard them as two varieties of one species, It is not possible to assign to them a specific epithet from the past, and Pa we name Klebsiella edwardsii after P. R. Edwards of Atlanta, who has done so much to establish the serological classification of klebsiellas. Since we are also making a variety of the species, the name becomes K. edwardsii var. edwardsii and we designate strain FI (NCTC 5054, ATCC 13,886) as type strain. Pc becomes the second variety which we name K . edwardsiivar. atlantae designating strain CDC 4610-58 (NCTC 9496, ATCC 13, 887) as type strain. Descriptions of the neotype and holotype strains are given in the Appendix. The classification makes use of fimbriation, a character that can be detected directly only by those with access to an electron microscope. Alternatively, an almost certain indication of the presence or absence of fimbriae may be gained by testing 87" and 30" broth cultures for haemagglutination of guinea-pig red cells (MS adhesin) and tanned ox red cells (MR adhesin). However, the determination of this character is not essential for the identification of the species and subspecies defined, though all relevant information is helpful, and the more characters that are known, the clearer the identification becomes. Only those characters necessary for the differentiation of the species are included in the table for use in the Determinator (Table 6 ).
Any new scheme of classification should be compared with the old; our scheme supplements rather than replaces those based on serology (Julianelle, 1926 ; Kauffmann, 1949 Edmunds, 1954; IBrskov, 1954 IBrskov, , 1955 . It provides a means of characterizing species within the genus and, we hope, will help to bring classification of the Enterobacteriaceae into line with other groups of bacteria in which genera are split into species which in turn are subdivided into serotypes or other subspecific taxa. 
